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SPECIFICATION 



SWITCHING POWER SOURCE APPARATUS 



TECHNICAL FIELD 



The present invention relates to a switching power 
source apparatus that is highly efficient, compact, and low 
noise . 

Figure 1 is a circuit diagram showing a switching power 
source apparatus type according to a related art (Non-Patent 
Document 1 and Non-Patent Document 2) . In the switching power 
source apparatus of Fig. 1, a DC power source Vdcl is 
connected through a primary winding 5a (the number of turns of 
nl) of a transformer T to a main switch Ql that is made of, 
for example, a MOSFET (hereinafter referred to as FET) . Each 
end of the primary winding 5a is connected to a parallel 
circuit composed of a resistor R2 and a capacitor C2 and a 
diode D3 that is connected in series with the parallel circuit. 
The main switch Ql is turned on/off by PWM control of a 
control circuit 100. 

The primary winding 5a and a secondary winding 5b of the 
transformer T are wound to generate in-phase voltages. The 
secondary winding 5b (the number of turns of n2) is connected 
to a rectifying- smoothing circuit composed of diodes Dl and D2, 
a reactor LI, and a capacitor C4 . The rectif ying-smoothing 
circuit rectifies and smoothes a voltage (ON/OFF-controlled 
pulse voltage) induced by the secondary winding 5b of the 
transformer T and outputs a DC voltage to a load RL. 



The control circuit 100 has an operational amplifier and 



a photocoupler (not shown) . 



The operational amplifier 



compares an output voltage of the load RL with a reference 
voltage, and if the output voltage of the load RL is equal to 
or larger than the reference voltage, narrows the ON width of 
a pulse to be applied to the main switch Ql. Namely, 
narrowing the ON width of a pulse to the main switch Ql when 
the output voltage of the load RL becomes equal to or larger 
than the reference voltage controls the output voltage to a 
constant voltage. 

Next, operation of the switching power source apparatus 
having the above-mentioned configuration will be explained 
with reference to a timing chart shown in Fig. 2. In Fig. 2, 
there are shown a terminal voltage Qlv of the main switch Ql, 
a current Qli passing to the main switch Ql, and a Ql-control 
signal to conduct ON /OFF control of the main switch Ql. 

At time t31, the main switch Ql turns on in response to 
the Ql-control signal, and the DC power source Vdcl passes the 
current Qli through the primary winding 5a of the transformer 
T to the main switch Ql. This current linearly increases as 
time passes up to time t32. Like the current Qli, a current 
nli passing through the primary winding 5a linearly increases 
as time passes up. to time t32. 

Between time t31. and time t32, the main switch Ql side 
of the primary winding 5a is a negative side "-" and the 
primary winding 5a and secondary winding 5b are in-phase. 
Accordingly, the anode side of the diode Dl becomes a positive 
side "+" to pass a current in order of 5b, Dl, LI, C4, and 5b. 

Next, at time t32, the main switch Ql changes from ON 
state to OFF state according to the Ql-control signal. At 
this time, excitation energy of the primary winding 5a of the 
transformer T and energy of a leakage inductance Lg (an 
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inductance not coupled with the secondary winding 5b) are not 
transferred to the secondary winding 5b, and therefore, are 
accumulated through the diode D3 in the capacitor C2. 

Between time t32 and time t33, the main switch Ql is OFF, 
5 and therefore, the current Qli and the current nli passing 
through the primary winding 5a become zero. Between time t32 
and time t33, a current passes in order of LI, C4, D2, and LI, 
to supply power to the load RL. 

According to this switching power source apparatus, 
10 insertion of the snubber circuit (C2, R2) relaxes a temporal 
change of the voltage of the main switch Ql to reduce 
switching noise and suppresses a surge voltage applied from 
the leakage inductance Lg of the transformer T to the main 
switch Ql. 

15 Non-Patent Document 1: Kousuke Harada "Switching Power 

Source Handbook, " Nikkan Kogyo Shinbunsha Shuppan, Chapter 2 
Basic Circuit and Designing Practice of Switching Power Source, 
p. 27, Fig. 2.2 

Non-Patent Document 2: Kazuo Shimizu "High-Speed 

20 Switching Regulator," Sougou Denshi Shuppansha, 2.2.1 
Separately Excited Converter/ p. 30, Fig. 2.5 

DISCLOSURE OF INVENTION 
According to the switching power source apparatus shown 
25 in Fig. 1, charge accumulated in the capacitor C2 is consumed 
by the resistor R2, to increase a loss. This loss is 
proportional to a conversion frequency. If the conversion 
frequency is increased to reduce the size of the apparatus, 
the loss increases to deteriorate efficiency. 
30 As shown .in Fig. 4, a transformer exciting current 



passed to the primary winding 5a of the transformer T linearly 
increases at positive values when the main switch. Ql is ON, 
and when the main switch Ql is OFF, linearly decreases to zero. 
Namely, magnetic flux of the transformer T only uses the first 
quadrant of a B-H curve shown in Fig. 3. This results in 
decreasing the rate of use of a core of the transformer T and 
increasing the size of the transformer T. 

The present invention provides a switching power source 
apparatus that is small, highly efficient, and low noise, 
allows the size of a transformer to be reduced, and realizes 
zero-voltage switching . 

In order to achieve the object, the present invention of 
claim 1 is. a switching power source apparatus comprising a 
first series circuit connected to each end of a DC power 
source and including a primary winding of a transformer and a 
main switch those are connected in series, a rectifying- 
smoothing circuit to rectify and smooth a voltage that is 
output from a secondary winding of the transformer when the 
main switch is turned on, a second series circuit connected to 
each end of the main switch or to each end of the primary 
winding of the transformer and including an auxiliary switch 
and a clamp capacitor those are connected in series, a third 
series circuit connected to each end of the main switch and 
including a first diode and a snubber capacitor those are 
connected in series, a fourth series circuit connected to a 
node between the first diode and the snubber capacitor and a 
node between the auxiliary switch and the clamp capacitor and 
including an auxiliary winding of the transformer and a second 
diode those are connected in series, and a control circuit to 
alternately turn on/off the main switch and auxiliary switch. 
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When the main switch is turned on, the snubber capacitor is 
discharged through the auxiliary winding to . the clamp 
capacitor, and when the main switch is turned off, the snubber 
capacitor is charged, to relax the inclination of a voltage 
5 increase of the main switch. 

According to the present invention of claim 2, the 
control circuit turns on the auxiliary switch to saturate a 
core of the transformer and increase an exciting current, and 
then, turns off the auxiliary switch to make the main switch 

10 conduct zero-voltage switching. 

According to the present invention of claim 3, the 
rectifying-smoothing circuit has a fifth series circuit 
including the secondary winding and a tertiary winding of the 
transformer, a sixth series circuit connected to each end of 

15 the fifth series circuit and including a first rectifying 
diode and a smoothing capacitor, and a second ' rectifying diode 
connected to a node between the secondary winding and the 
tertiary winding and a node between the first rectifying diode 
and the smoothing capacitor. 

20 According to the present invention of claim 4, the 

primary . and secondary windings, of .the . transformer are wound 
around the core of the transformer so as to provide a leakage 
inductance, the primary and tertiary windings of the 
transformer are wound so as to provide a leakage inductance 

25 that is smaller than the leakage inductance provided by the 
primary and secondary windings, and the primary and auxiliary 
windings of the transformer are wound so as to provide a 
leakage inductance that is smaller than the leakage inductance 
provided by the primary and secondary windings and larger than 

30 the leakage inductance provided by the primary and tertiary 
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windings . 

According to the present invention of claim 5, a 
magnetic path of the core of the transformer has a portion 
with reduced cross-sectional area. 
5 The present invention of claim 6 is a switching power 

source apparatus comprising a first series circuit connected 
to each end of a DC power source and including a primary 
winding of a transformer and a main switch those are connected 
in series, a rectif ying-smoothing circuit to rectify and 

10 smooth a voltage that is output from a secondary winding of 
the transformer when the main switch is turned off, a second 
series circuit connected to each end of the main switch or to 
each end of the primary winding of the transformer and 
including an auxiliary switch and a clamp capacitor those are 

15 connected in series, a third series circuit connected to each 
end of the main switch and including a first diode and a 
snubber capacitor those are connected in series, a fourth 
series circuit connected to a node between the first diode and 
the snubber capacitor and a node between the auxiliary switch 

20 and the clamp capacitor and including an auxiliary winding of 
the transformer and a second diode those are connected, in 
series, and a control circuit to alternately turn on/off the 
main switch and auxiliary switch. The snubber capacitor is 
discharged through the auxiliary winding to the clamp 

25 capacitor when the main switch is turned on, the clamp 
capacitor is discharged through the secondary winding to the 
rectifying-smoothing circuit when the auxiliary switch is 
turned on, and the snubber capacitor is charged when the main 
switch is turned off, to relax the inclination of a voltage 

30 increase of the main switch. 



According to the present invention of claim 7, the 
rectifying-smoothing circuit has a series circuit connected to 
each end of the secondary winding of the transformer and 
including a rectifying diode and a smoothing capacitor. 

According to the present invention of- claim 8, the 
primary winding and secondary winding of the transformer are 
wound around a core of the transformer to provide a leakage 
inductance, and the primary winding and auxiliary winding of 
the transformer are wound to provide a leakage inductance that 
is larger than the leakage inductance provided by the primary 
winding and secondary winding . 

As' explained above, the present invention provides a 
low-noise, high-efficiency switching power source apparatus 
capable of achieving zero-voltage switching and making the 
rise and fall of a voltage gentler due to a resonance action. 

The present invention can improve the rate of use of 
magnetic flux of the core of a transformer, to thereby reduce 
the size of the transformer. By adjusting e the capacitance of 
the snubber capacitor, the present invention can relax the 
inclination of a voltage increase when the main switch is 
turned . of f and can adjust the rate of use of magnetic flux of, 
the core of the transformer. The energy of the snubber 
capacitor is discharged to the output side. This results in 
reducing the noise and size of the switching power source 
apparatus and improves the efficiency thereof. 

BRIEF DESCRIPTION OF DRAWINGS 
Figure 1 is a circuit diagram showing a switching power 
source apparatus according to a related art. 

Figure 2 is a timing chart showing signals at several 



8 



parts of the switching power source apparatus of the related 
art . 

Figure 3 is a view showing the B-H characteristics of a 
transformer arranged in the switching power source apparatus 
of the related art. 

Figure 4 is a timing chart showing an exciting current 
of the transformer arranged in the switching power source 
apparatus of the related art. 

Figure 5 is a circuit diagram showing a switching power 
source apparatus according to an first embodiment. 

Figure 6 is a timing chart showing signals at several 
parts of the switching power source apparatus of the first 
embodiment . 

Figure 7 is a timing chart showing the details of the 
signals at the several parts of the switching power source 
apparatus of the first embodiment when a switch Ql is turned 
on. 

Figure ■ 8 is a timing chart showing the details of the 
signals at the several parts of the switching power source 
apparatus of the first embodiment when the switch Ql is turned 
off. 

Figure 9 is* a view showing a changing state of rise time 
with respect to the capacitance of a snubber capacitor Cx in 
the switching power source apparatus of the first embodiment 
when the switch Ql is turned off. 

Figure 10 is a view showing the B-H characteristics of a 
transformer with a low magnetic permeability of core \jl ^ n the 
switching power source apparatus of the first embodiment. 

Figure 11 is a view showing the B-H characteristics of a 
transformer with a high magnetic permeability of core p in the 
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switching power source apparatus of the first embodiment. 

Figure 12 is a timing chart showing a current passing to 
the transformer arranged in the switching power source 
apparatus of the first embodiment. 

Figure 13 is a circuit diagram showing a switching power 
source apparatus according to an second embodiment. 

Figure 14 is a schematic view showing a transformer 
arranged in the switching power source apparatus of the second 
embodiment . 

Figure 15 is a circuit diagram showing a switching power 
source apparatus according to an third embodiment. 

Figure 16 is a schematic view showing a transformer 
arranged in the switching power source apparatus of the third 
embodiment . 

Figure 17 is a timing chart showing signals at several 
parts of the switching power source apparatus of the third 
embodiment . 

Figure 18 is a timing chart showing the details of the 
signals at the several parts of the switching power source 
apparatus of the third embodiment when a switch Ql is turned 
on. 

Figure 19 is a timing chart showing the details of the 
signals at the several parts of the switching power source 
apparatus of the third embodiment when the switch Ql is turned 
off. 

BEST MODE OF IMPLEMENTATION 
Switching power source apparatuses according to 
embodiments of the present invention will be explained in 
detail with reference to the drawings. 
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First Embodiment 

A switching power source apparatus according to the 
first . embodiment arranges an auxiliary winding for a 
transformer.. When a main switch is turned on, a snubber 
5 capacitor connected through a diode is discharged through the 
auxiliary winding to a clamp capacitor. When the main switch 
is turned off, the snubber capacitor is charged to make the 
inclination of a voltage increase gentle at the time when the 
main switch is turned off. At the same time, an auxiliary 

10 switch connected in series with the clamp capacitor is turned 
on, to bias magnetic flux of the transformer toward a minus 
side to expand the range of change of magnetic flux and the 
auxiliary switch is turned off to make the main switch conduct 
zero-voltage switching (ZVS) when an exciting current 

15 increases. In this way, this embodiment establishes ZVS, 
improves efficiency, decreases noise, and reduces the size of 
the transformer. 

Figure 5 is a circuit diagram showing the switching 
power source apparatus according to the first embodiment . In 

20 the switching power source apparatus of Fig. 5, each end of a 
DC power source Vdcl is connected to a series circuit 
consisting of a primary winding 5a (the number of turns of nl) 
of a transformer Tl and .a switch Ql (main switch) made of a 
FET. Each end of the switch Ql is connected to a diode D4 in 

25 parallel. 

A node between a first end of the primary winding 5a of 
the transformer Tl and a first end of the switch Ql is 
connected to a first end of a switch Q2. (auxiliary switch) . A 
second end of the switch Q2 is connected through a clamp 
30 capacitor CI to a positive electrode of the DC power source 
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Vdcl. ■ The second end of the switch Q2 may be connected 
through the clamp capacitor CI to a negative ele'ctrode of the 
DC power source Vdcl . 

Each end of the switch Ql is connected to a series 
5 circuit consisting of a diode Dxl and a ,snubber capacitor Cx. 
A node between the diode Dxl and capacitor Cx and a node 
between the switch Q2 and clamp capacitor CI are connected to 
a series circuit consisting of an auxiliary winding 5x (the 
number of turns of nx) of the transformer Tl and a diode Dx2 . 

10 The auxiliary winding 5x of the transformer Tl discharges 
energy accumulated in the capacitor Cx to the clamp capacitor 
CI when the switch Ql is turned on. By adjusting the 
capacitance of the capacity Cx, the inclination . of a voltage 
increase of the switch Ql with respect to time variation is 

15 relaxed when the switch Ql is turned off. 

Each end of the switch Q2 is connected to a diode D3 in 
parallel. The diode D4 may be a parasitic diode of the switch 
Ql, and the diode D3 may be a parasitic diode of the switch Q2 . 
The switches Ql and Q2 have a period (dead time) in which both 

20 of them are OFF. These switches are alternately turned on/off 
under PWM control of a control circuit 10. 

The primary winding 5a and a secondary winding 5b , (the 
number of turns of n2) that is in-phase with the primary 
winding 5a are wound around a core of the transformer Tl. A 

25 first end of the secondary winding 5b is connected to an anode 
of a diode Dl .• A cathode of the diode Dl and a second end of 
the secondary winding 5b are connected to a diode D2 . Each 
end of the diode D2 is connected to a series circuit 
consisting of a reactor LI and a capacitor C4. The diode Dl, 

30 diode D2, capacitor C4, and reactor Ll form a rectifying- 
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smoothing circuit. The capacitor C4 provides a DC output to a 
load RL. 

The control circuit 10 alternately turns on/off the 
switches Ql and Q2 . If an output voltage of the load RL 
exceeds a reference voltage, the control circuit 10 narrows 
the ON-width of a pulse applied to the switch Ql and widens 
the ON-width of a pulse applied to the. switch Q2 . Namely, if 
an output voltage of the load RL exceeds the reference voltage, 
the ON-width of a pulse to the switch Ql is narrowed to 
control the output voltage to a constant voltage. 

The primary winding 5a of the transformer Tl usually 
passes an AC current of equal magnitude. Accordingly, 
magnetic flux equally increases and decreases in the first and 
third quadrants around a zero point on a B-H curve. However, 
a circuit loss is involved so that magnetic flux shows 
incomplete symmetry and is mainly active in the first quadrant. 

As a result, by increasing the magnetic permeability p 
of the core, the transformer Tl of the first embodiment 
produces magnetic flux B (more precisely, B is flux density 
and magnetic flux is § = B • S where S is the cross sectional 
area of the core, this embodiment assuming S = 1 and (j) = B) 
that saturates at Bm with respect to a given positive magnetic 
field H as shown in Fig. 11. The magnetic flux also saturates 
at -Bm with respect to a given negative magnetic field H. A 
magnetic field H occurs in proportion to the magnitude of a 
current i. In the transformer Tl, magnetic flux B changes 
along the B-H curve in order of Ba, Bb, Be, Bd, Be, Bf, and Bg. 
The changing range of magnetic flux is wide. An interval 
between Ba and Bb and an interval between Bg and Bf each 
correspond to a saturated state. 
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Figure 10 shows a B-H curve with the magnetic 
permeability p. of the core being low. When the magnetic 
permeability \i of the core is low, the core does not saturate. 

Operation of . the switching power source apparatus 
5 according to the first embodiment with the above-mentioned 
configuration will be explained with reference to timing 
charts of Figs. 6 to 9 and 12. Figure 6 is a . timing chart 
showing signals at several parts of the switching power source 
apparatus of the first embodiment. Figure 7 is a timing chart 

10 showing the details of the signals at the several parts of the 
switching power source apparatus of the first embodiment when 
the switch Ql is turned on. Figure 8 is a timing chart 
showing the details of the signals at the several parts of the 
switching power source apparatus of the first embodiment when 

15 the switch Ql is turned off. 

In Figs. 6 to 8, there are shown a terminal voltage Qlv 
of the switch Ql, a current Qli passing to the switch Ql, a 
terminal voltage Q2v of the switch Q2, a current Q2i passing 
to the switch Q2, and a terminal voltage Cxv of the capacitor 

20 Cx. 

At time, tl (corresponding to time til to t!2), the 
switch Ql is turned on and a current passes in order of Vdcl, 
5a, Ql, and Vdcl. At this time, the secondary winding 5b of 
the transformer Tl generates a voltage to pass a current in 

25 order of 5b, Dl, LI, C4, and 5b. When the switch Ql is turned 
off, a current passes in order of LI, C4, D2, and LI to supply 
power to the load RL. 

When the switch Ql is turned on, the primary winding 5a 
of the transformer Tl passes a current nli to accumulate 

30 energy in an exciting inductance of the transformer Tl. As 
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shown in Fig. 12, the current nli changes to. take a current 
value a (negative value) at time tl, a current value b 
(negative value) at time tlb, a current value c (zero) at time 
tl3, and a current value d (positive value) at time t2 . On 
5 the B-H curve of Fig. 11, magnetic flux changes in order of Ba, 
Bb, Be, and Bd. Ba to Bg of Fig. 11 correspond to a to g of 
Fig. 12. 

At this time, the capacitor Cx is charged to a maximum 
voltage of the switch Ql. This voltage and an applied 

10 polarity induce a voltage on the auxiliary winding 5x, and 
therefore, a current passes in order of Cx, 5x, Dx2, CI, Vdcl, 
and Cx. As a result, the capacitor Cx entirely discharges to 
the clamp capacitor CI, and the voltage Cxv of the capacitor 
Cx becomes zero. A current waveform of the capacitor Cx at 

15 this time is determined by a resonance frequency between the 
capacitor Cx and a leakage inductance between the primary 
winding 5a and auxiliary winding 5x of the transformer Tl. 

Next, at time t2 (t21 to t24), the switch Ql is turned 
off, and energy accumulated in the exciting inductance of the 

20 transformer Tl charges the capacitor Cx through the diode Dxl. 
At this time, the leakage... inductance between the primary 
winding 5a and auxiliary winding 5x of the transformer Tl and 
the capacitor Cx form a voltage resonance to increase the 
voltage Qlv of the switch Ql. 

25 When the potential of the capacitor Cx becomes equal to 

the potential of the clamp capacitor CI, the diode D3 becomes 
conductive to pass a diode current to charge the clamp 
capacitor CI. At this time, the switch Q2 is turned on, so 
that the switch Q2 becomes a zero-voltage switch. From time 

30 t2 to t20, the current nli changes from the current value d 
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(positive value) to a current value e (zero) . On the B-H 
curve of Fig. 11, magnetic flux changes from Bd to Be. 

After the completion of discharge of the energy of the 
exciting inductance of the transformer Tl, the clamp capacitor 
5 CI discharges from time t20 to t3 in order of CI, Q2, 5a, and 
CI to reset the magnetic flux of the transformer Tl. 

From time t20 to t3, the energy accumulated in the clamp 
capacitor CI is fed back to the primary winding 5a of the 
transformer T, and therefore, the current nli becomes a 

10 negative value as shown in Fig. 12. From time t20 to t2a, the 
current nli changes from the current value e (zero) to a 
current value f (negative value) . On the B-H curve of Fig. 11, 
magnetic flux changes from Be to Bf. An area S between time 
t2 and t20 is equal to an area S between time t20 to t2a. The 

15 area ' S corresponds to the energy of the transformer Tl 
accumulated in the clamp capacitor CI . 

Next, from time t2a to t3, the current nli changes from 
the current value f (negative value) to a current value g 
(negative value) . On the B-H curve of Fig. 11, magnetic flux 

2 0 changes from Bf to Bg. An area E between time t2a and t3 
corresponds to the energy of the capacitor Cx accumulated in 
the clamp capacitor CI. 

Namely, the energy accumulated in the clamp capacitor CI 
is the sum of the energy of the transformer Tl and the energy 

25 of the capacitor Cx. The current nli is increased by the 
energy supplied from the capacitor Cx at the time of resetting. 
Accordingly, magnetic flux moves to the third quadrant to 
reach the saturation region (Bf-Bg) , and the current nli 
increases to the maximum at time t3 (also at time tl) . The 

30 current nli increases just before the end of the ON-period of 
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the switch Q2 . At this time, the transformer Tl saturates. 

At time t3, the current Q2i of the switch Q2 also 
reaches a maximum. At this time, the switch Q2 is turned off, 
and the voltage Qlv of the switch Ql rapidly decreases to zero. 
5 Then, the switch Ql is turned on to realize ZVS of the switch 
Ql. 

The current of the switch Q2 just before turning off the' 
switch Q2 to realize ZVS of the switch Ql is dependent on the 
capacitance of the capacitor connected in parallel with the 

10 switch Ql. As the capacitance becomes smaller, the current 
becomes smaller. Accordingly, the capacitance may be set to 
be small. In a case where the capacitance is small, however, 
the inclination of a voltage change increases when the switch 
Ql is turned off, to increase the loss and noise of the switch. 

15 To avoid this, it is preferable that the parallel capacitance 
is small when the switch Ql is turned on and is large when the 
switch Ql is turned off. To realize this, the first 
embodiment the capacitance is decreased when turning on the 
switch Ql (parasitic capacitance between the drain and source 

20 of the switch Ql will do) and is increased by adding the 
capacitor Cx in parallel through the diode Dxl when the. switch. 
Ql is turned off. 

When the capacitance of the capacitor Cx is sufficiently 
increased as shown in Fig. 9, the inclination (dv/dt) of a 

25 voltage increase of the switch Ql with respect to time 
variation is relaxed when the switch Ql is turned off. This 
results in reducing the noise and loss of the switch Ql . 

Increasing the magnetic permeability ]i of the core and 
enlarging the capacitance of the capacity Cx transfer the 

30 energy of the capacitor Cx to the clamp capacitor CI and shift 
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the magnetic flux of the transformer Tl to the third quadrant. 
Those result in expanding the range of use of the transformer 
Tl, increasing a current, and easily realizing ZVS of the 
switch Ql . The current becomes larger than that obtained in 
the saturation region of the core of the transformer Tl, to 
easily realize the ZVS operation of the switch Ql. 

Second Embodiment 

Next, a switching power source apparatus according to 
the second embodiment of the present invention will be 
explained. Figure 13 is a circuit diagram showing the 
switching power source apparatus according to the second 
embodiment. The switching power source apparatus of the 
second embodiment of Fig. 13 differs from the switching power 
source apparatus of the first embodiment of Fig. 5 in a 
circuit on the secondary side of a transformer T2, and 
therefore, only this part will be explained. 

The transformer T2 has a primary winding " 5a (the number 
of turns of nl) , a secondary winding 5b (the number of turns 
of n2) , and a tertiary winding 5c (the number of turns of n3) . 

Each end of a series circuit consisting of the secondary 
winding 5b and tertiary winding 5c of the transformer T2 is 
connected to a series circuit consisting of a diode D6 and a 
capacitor C4 . A node between the secondary winding 5b and the 
tertiary winding 5c and a node between the diode D6 and the 
capacitor C4 are connected to a diode D5. The primary winding 
5a and secondary winding 5b are wound in the same phase, the 
primary winding 5a and an auxiliary winding 5x are wound in 
the same phase, and the primary winding 5a and tertiary 
•winding 5c are wound in opposite phases. 
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The secondary winding 5b and primary winding 5a of the 
transformer T2 are loosely coupled, and a leakage inductance 
between the primary winding 5a and the secondary winding 5b is 
used as a reactor (not shown) connected in series with the 
5 transformer T2 . The tertiary winding 5c and primary winding 
5a of the transformer T2 are loosely magnetically coupled. 

Operation of the switching power source apparatus of the 
second embodiment with the above-mentioned configuration will 
be explained. A basic operation of the second embodiment is 

10 the same as that of the first embodiment, and therefore, 
operation of the circuit on the secondary side of the 
transformer T2 will be mainly explained. 

When the switch Ql is turned on, a current passes in 
order of Vdcl, 5a, Ql, and Vdcl. At this time, the secondary 

15 winding 5b of the transformer T2 generates a voltage to pass a 
current in order of 5b, D5, C4, and 5b. As a result, a 
current to the diode D5 linearly increases. 

Next, the switch Ql is turned off, and the energy 
accumulated in the leakage inductance between the primary 

20 winding 5a and secondary winding 5b of the transformer T2 is 
returned through the transformer T2 to the secondary side. On 
the secondary side, a voltage is induced on the tertiary 
winding 5c of the transformer T2, to pass a current in order 
of 5c, D6, C4, 5b, and 5c. Namely, current passes through the 

25 diode D6. 

In this way, the value of the inductance connected in 
series with the primary winding 5a of the transformer T2 is 
increased to return energy accumulated when the switch Ql is 
ON to the secondary side through the transformer T2, to 
30 thereby increase efficiency. Due to the diodes D5 and D6, a 
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secondary current continuously passes during the ON and OFF 
periods of the switch Ql, to reduce a ripple current of the 
capacitor C4 . 

Figure 14 is a view showing the structure of the 
5 transformer installed in the switching power- source apparatus 
of the second embodiment. The transformer T2 shown in Fig. 14 
has a core 30 having an H-shape with closed top and bottom. A 
core part 30a of the core 30 is wound with the primary winding 
5a and tertiary winding 5c those are close to each other to 

10 form a slight leakage inductance between them. The core 30 
has a path core 30c and a gap 31. A peripheral core is wound 
with the secondary winding 5b. The auxiliary winding 5x is 
wound close to the primary winding 5a. Namely , the path core 
30c loosely couples the primary winding 5a with the secondary 

15 winding 5b, to increase the leakage inductance. 

The core 30 of the transformer T2 is wound with the 
primary winding 5a and secondary winding 5b so as to form the 
leakage inductance, the primary winding 5a and tertiary 
winding 5c are wound to form a leakage inductance that is 

20 smaller than _ that formed by the primary winding 5a and 
secondary winding 5b,. and the. primary winding 5a and auxiliary 
winding 5x are wound to form a leakage inductance that is 
smaller than that formed by the primary winding 5a and 
secondary winding 5b and larger than that formed by the 

25 primary winding 5a and tertiary winding 5c. 

On the peripheral core between the primary winding 5a 
and the secondary winding 5b, there are formed two recesses 
30b. The recesses 30b partly narrow the cross sectional area 
of a magnetic path of the peripheral core, so that only the 

30 narrowed parts saturate to reduce a core loss. 
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By devising the shape and windings of the core of the 
transformer T2 in such a way, this embodiment reduces the 
switching power source apparatus in size and cost. 

5 Third Embodiment 

Next, a switching power source apparatus according to 
the third embodiment of the present invention will be 
explained. Figure 15 is a circuit diagram showing the 
switching power source apparatus according to the third 

10 embodiment. The switching power source apparatus of the third 
embodiment of Fig. 15 differs from the switching power source 
apparatus of the first embodiment of Fig. 5 in a circuit on 
the secondary side of a transformer T3, and therefore, only 
this part will be explained. 

15 A core of the transformer T3 is wound with a primary 

winding 5a and a secondary winding 5b (the number of turns of 
n2) that is of an opposite phase relative to the phase of the 
primary winding 5a. A first end of the secondary winding 5b 
is connected to an anode of a diode Dl . A cathode of the 

2 0 diode Dl and a second end of the secondary winding 5b are 
connected, to. a capacitor C4 . The diode Dl and capacitor C4 
form a rectif ying- smoothing circuit. The capacitor C4 
smoothes a rectified voltage of the diode Dl and provides a DC 
output to a load RL. 

25 Figure 16 is a view showing the structure of the 

transformer installed in the switching power source apparatus 
of the third embodiment. The transf ormer T3 shown in Fig. 16 
has a core 40 having an H-shape with closed top and bottom. A 
core part 4 0a of the core 40 is wound with the primary winding 

30 5a and an auxiliary winding 5x those are close to each other 
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to provide a leakage inductance between them. The secondary 
winding 5b is wound in concentric with the primary winding 5a 
and auxiliary winding 5x, to provide a slight leakage 
inductance. The core part 4 0a has a gap 41. 
5 The core 4 0 of the transf ormer T3 is wound with the 

primary winding 5a and secondary winding 5b so as to form a 
leakage inductance, and the primary winding 5a and auxiliary 
winding 5x are wound to form a leakage inductance that is 
larger than that formed by the primary winding 5a and 

10 secondary winding 5b. 

By devising- the shape and windings of the core of the 
transformer T3 in such a way, this embodiment reduces the 
switching power source apparatus in size and cost. 

Operation of the switching power source apparatus of the 

15 third embodiment with the above-mentioned configuration will 
be explained with reference to timing charts of Figs. 17 to 19. 
Figure 17 is a timing chart showing signals at several parts 
of the switching power source apparatus of the third 
embodiment. Figure 18 is a timing chart showing the details 

20 of the signals at the several parts of the switching power 
source apparatus of the third embodiment when a switch Ql is 
turned on. Figure 19 is a timing chart showing the details of 
the signals at the several parts - of the switching power source 
apparatus of the third embodiment when the switch Ql is turned 

25 off. 

In Figs. 17 to 19, there are shown a terminal voltage 
Qlv of the switch Ql, a current Qli passing to the switch Ql, 
a terminal voltage Q2v of a switch Q2, a current Q2i passing 
to the switch Q2, a current Cxi passing to a capacitor Cx, a 
30 terminal voltage Cxv of the capacitor Cx, and a current Dli 
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passing to the diode Dl. 

The timing charts of Figs. 17 to 19 are substantially 
the same as those of Figs. 6 to 8 . Only difference between 
them is operation of the circuit on the secondary side of the 
5 transformer T3, and therefore, operation of only the secondary 
side will be explained. 

At time tl (corresponding to time til to tl4) , the 
switch Ql is turned on to pass a current in order of Vdcl, 5a, 
Ql, and Vdcl. At this time, no current passes to the diode Dl . 
10 At time t2 (t21 to t23) , the switch Ql is turned off, so 

that the capacitor Cx relaxes the inclination of a voltage 
increase in the OFF state of the switch Ql . Energy 
accumulated in the capacitor Cx is supplied to the secondary 
winding 5b of the transformer T3 when the switch Q2 is turned 
15 on to pass the current Dli to the diode Dl and supply power to 
a load RL. 

In this way, the switching power source apparatus of the 
third embodiment provides an effect similar to that provided 
by the switching power source apparatus of the first 
2 0 embodiment . 

INDUSTRIAL APPLICABILITY 

The switching power source apparatuses according to the 
present invention are applicable to DC-DC converting type 
25 power source circuits and AC-DC converting type power source 
circuits . 



